In a study of the time course and nature of the sensory loss after cryosurgery the forearms of nine normal subjects were treated with liquid nitrogen using freeze times currently employed in clinical practice in Britain. Ability to appreciate touch, pinprick, and cold in the treated areas was tested at regular intervals and biopsy samples taken to investigate the pathogenesis.
Introduction
The discovery that cold can produce numbness has been a recurrent process over the centuries. Hippocrates in his Aphorisms' was perhaps the first to record this phenomenon followed by an unknown Anglo-Saxon monk in the eleventh century2 and Napoleon's surgeon general in 1807, who noted that amputation could be performed relatively painlessly on soldiers who had unavoidably suffered prolonged contact with Russian snow. Frederick Allen in 1943 restimulated interest with his studies on the use of refrigeration anaesthesia for limb operations. 3 The analgesic effect of cryosurgery has been proved effectively in the palliative management of various inoperable tumours by direct application to the tumour,4 while others have used a cryoprobe to produce analgesia in patients with intractable pain by blocking peripheral nerve function.5 These studies have also shown that, although all transmission is blocked in the frozen nerve, full recovery occurs after a variable period. This supports the findings of Lenz, who directly froze the sciatic nerve of nine rabbits with liquid nitrogen. 6 In all cases nerve conduction was completely interrupted, but within 100 days rheobase and chronaxy measurements confirmed full restoration of normal function.
When skin rather than peripheral nerves is frozen it is well recognised that retreatment of the frozen area several days or weeks later will be relatively painless and that pain after cryosurgery is minimal. Histological findings-Compared with control skin all treated areas sampled within the first few weeks of cryosurgery were found to have an absence of axons in the upper dermis and a noticeable reduction in the deeper dermis. The longer the freeze time the more pronounced were these changes. Even with the longest freeze time, however, Schwann cell and connective tissue pathways were present in normal numbers at all levels, with areas of Schwann cell proliferation. Apart from mild lymphocytic infiltration around a few of the despite normal numbers of Schwann cell pathways. This correlates with the findings of Denny-Brown et al, who showed that on exposing the sciatic nerves of cats to cold functional changes were associated with selective damage to the myelin and axon cylinders. 8 We also found that after a 10 or 20 second freeze appreciation of touch, pain, and cold returned to normal in all subjects tested within 300 and 380 days respectively. After single and double 30 second freezes complete recovery of the three modalities of sensation occurred in seven of the nine subjects within 500 and 550 days respectively. Substantial though incomplete recovery had also occurred in the remaining two subjects before their default, and we think it quite reasonable to speculate that complete recovery would have occurred within similar time spans.
This full recovery of sensation after complete functional loss correlates with clinical experience and also with the findings after peripheral nerve cryosurgery,9 but accurate documentation Although the necessarily long duration of the study with frequent follow up appointments limited the number of subjects, our general impression was that recovery occurred more rapidly in the younger patients and also that appreciation of touch recovered more quickly than that of pain or cold. This latter finding was commented on by Denny-Brown et al, who found that during freezing touch sensation was also lost before pain sensation. 8 In view of the underlying histological changes it is perhaps not surprising that sensory function should return completely. Although myelin and axons appear to be quite sensitive to cold, the neural connective tissue sheaths survived apparently unchanged. This has been observed by other workers, who commented that even in the most severe cryosurgically induced pannecrosis the perineurium and epineurium survived.6 Shepherd has shown that connective tissue is unaffected by freeze times as used in this study.10 This minimal disruption of endoneurium and other connective tissue elements combined with wallerian degeneration with disruption of myelin sheaths and axon disintegration would be classified as a second degree type of nerve injury." The other important histological feature was the minimal inflammatory reaction, which also has been observed by others.'2 After a second degree nerve injury an environment where the integrity of the neural connective tissue framework is maintained and inflammation and fibrosis are minimal would be expected to support efficient and complete neural regeneration with consequent full recovery of sensation; this appears to be the case from our clinical and histological findings. The temporary increase in sensitivity to pain that occurred in three of our patients is more difficult to explain. It may reflect a related transient increase in inflammatory response rather than a scarring process, since none of the patients suffered causalgic pains after full sensory recovery.
In all cases the treated skin had returned to its normal appearance by the time sensation had fully recovered. In particular there was no microscopic evidence of scarring, which further supports the work of Shepherd.'0 Although further studies may provide more precise figures for recovery time, we think that we can now confidently reassure our patients that sensory loss after cryosurgery for up to two periods of 30 seconds will fuilly recover-albeit with the proviso that this may take one and a half years. ONE HUNDRED YEARS AGO It seems that only, or chiefly, where there is competition between railway companies working lines to the same place, do the managers provide such necessaries as foot-warmers. This does not speak well for the humanity of railway-directors generally. Only when they think it will increase their popularity and augment their dividends do they bestow any care on the comfort of their passengers. It would be worth while to enact a measure compelling the supply of hot water apparatus of some sort to heat carriages in cold weather. For the majority of those who travel by railway, artificial heat is as much a necessity as light, and railway-companies ought not to be permitted to economise in the paltry way indicated by the refusal to supply foot-warmers while they enjoy a monopoly. It is most regrettable and humiliating to reflect that, except under the compulsory influence of commercial competition, nothing can be wrung from the managers of our great locomotive systems. We have no patience to comment on the petty parsimony and ungracious indifference displayed by companies that grow rich on a cheeseparing policy which is hurtful to the many and offensive to all. (British MedicalJournal 1885; i: 189.) 
